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The flavour of Cheddar cheese is influenced mainly
by the choice of starter culture used. However, the
rate of flavour development and ripening time are
determined mainly by the ripening temperature.
The Science of Farming and Food
cheese-making parameters such as ripening temperature and starter culture has not been
fully elucidated. 
During the ripening of most cheese varieties complex chemical conversions occur within the
cheese matrix. In most cheese varieties breakdown of protein is the most important flavour
development pathway. The primary cheese protein, casein, is degraded enzymatically to
short peptides and free amino acids. The agents primarily responsible for these conversions
are the residual rennet that is retained in the cheese curd at the end of the manufacturing
phase and the proteinases and peptidases that are associated with the starter bacteria. While
the rate and degree of proteolysis are of vital significance for desired flavour development,
the direct products of proteolysis do not fully define cheese flavour. Much research is now
demonstrating that the further biochemical and chemical conversions of the products of
proteolysis, in particular the amino acids, are necessary for full flavour development. The
products produced by these pathways are volatile at low boiling points and are thus
released during mastication of the cheese in the mouth. Many of these volatile compounds
contribute to the flavour sensation experienced by the consumer. A very wide spectrum of
such compounds have been isolated from cheese, in excess of two hundred in some cheese
varieties. It is now generally accepted that there is no individual compound which defines
cheese flavour completely and that the flavour sensation is the result of numerous
compounds present in the correct proportions. This has become known as the Component
Balance Theory. 
The application of modern analytical techniques as proposed in this project would provide
a greater understanding of the significant flavour compounds in Cheddar cheese and help
to identify the impact of specific cheese-making parameters such as starter flora and
ripening temperature on the production of volatile flavour compounds. This data would
assist the general programme on flavour improvement of cheese which should ultimately
benefit the cheese manufacturer. 
Hence this project set out to develop methods to identify the key flavour compounds in
Cheddar cheese.  These techniques would then be applied to experimental and commercial
cheeses during ripening in an effort to identify key compounds and the influence of starter
cultures and ripening temperature on their production. 
The Main Conclusions and Achievements
* The choice of starter culture had a major influence on both the range, type and relative
concentration of volatile compounds present in cheese.  On the other hand, ripening
temperature influenced the relative concentrations of individual volatile compounds in
cheese but did not have a significant impact on the range and type of compounds.  In these
studies cheese ripened at 12°C (maximum used) for 8 months had the most desirable and
intense flavour.
* Analysis of commercial Cheddar cheeses of different ages indicated that similar
compounds were present in cheeses of the same age.  Older cheeses contained a
considerably higher concentration of compounds than young cheeses.
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Summary and
Conclusions
There is a poor understanding of
the relationship between organoleptic assessment of cheese and quantitative
analysis of flavour compounds.  Further, the contribution of particular
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Distillation of cheese after 6 months, was found to be particularly useful for analysis of
Cheddar cheese.
Influence of cheese age on volatile production during ripening
With the objective of building up a profile of odour active compounds and their relative
proportions in commercial Irish Cheddar cheese of different age, sixteen cheeses of good
flavour quality (8 old and 8 young) were obtained from a local company. These cheeses
were extracted and the extracts were analysed using GC-MS.  The data obtained indicated
that similar compounds were present in chromatograms of cheeses of the same age.  Older
cheeses contained a considerably higher concentration of compounds (including some late
eluting), compared to young cheeses (Fig 1).  These results directly reflect those which were
found for proteolysis in the commercial cheeses, with lowest levels of protein degradation
being found in young Cheddar cheeses. 
Influence of ripening temperature on volatile production
Ripening temperature has previously been shown to influence flavour development of
Cheddar cheese. In an effort to identify volatile compounds which may contribute to these
flavour changes, cheeses were ripened at various temperatures as follows: two control
cheeses were held at 4ºC and 12ºC respectively throughout ripening, a third cheese was
ripened at 4ºC for the first 6 weeks of ripening and then transferred to 12ºC for the
remainder of the 8 months ripening period, and a fourth cheese was initially ripened at
12ºC for 6 weeks and transferred to 4ºC for the remainder of the ripening period. During
ripening, the degree of proteolysis and concentrations of individual volatile aroma
compounds increased with increasing ripening temperature (Fig 2). Sensory analysis
indicated that cheese ripened at 12ºC for 8 months had the most desirable and intense
flavour and was considered to be of a better flavour quality than the other three cheeses.
The same types of compounds were evident in all cheeses, however their relative
concentrations differed.  After two months ripening the cheeses ripened at 12ºC had much 
higher concentrations of compounds eluting between 3 and 6 minutes, including 1-
hexanol, 1-decanol, 1-ethyl-1-methyl cyclopentane and 2-octanal.  After 4 and 6 months
ripening however, less differences were observed in the volatile profiles. Cheeses ripened
at 12ºC had a much higher concentration of an unidentified alcohol after 6 months
ripening than those ripened at 4ºC. This peak was 6 times higher in the cheese ripened at
12ºC for 6 months than its 4ºC counterpart and most likely is a contributing factor in the
increased flavour intensity of the 12ºC cheeses. The NIST92 library found the best fit to be
for 4-heptanol, however ion pattern comparison indicated that this is probably not the true
identity of the compound. All cheeses were characterised by relatively high levels of the
aromatic aldehydes octanal, heptanal and pentanal, and all cheeses contained ethyl-
benzene and dimethyl disulphide.  
Elevated ripening temperatures influenced the relative concentrations of individual volatile
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*  A number of techniques for extracting volatile compounds from Cheddar cheese, such
as Purge and Trap, Buccal Head Space and Cryogenic Vacuum Distillation were
investigated. It was concluded that a number of methods of abstraction must be applied to
each cheese to get the most complete picture of the compounds present.
Research and Results
Extraction techniques
Three extraction techniques were compared to determine which was most suitable for
analysis of Cheddar cheese. 
Purge and Trap extraction was identified as a technique suitable for extracting low boiling
point volatile compounds from large numbers of cheeses. However, it was found that
analysis of Cheddar cheese using published procedures was technically difficult due to its
high fat content which led to contamination of the system, foaming and ghost peak
formation during analysis. Reducing the ratio of water to cheese in the extraction procedure
(from 1:1 to 1:3)  overcame this problem without a significant reduction in sensitivity. 
Buccal Head Space analysis was considered to give a good correlation with the compounds
which would be released in the mouth during eating of cheese, however, due to subject
fatigue (volatile compounds collected from nasal passage during mastication) it was limited
in the number of samples which could be analysed. 
Cryogenic Vacuum Distillation was useful as it resulted in a very wide spectrum of
compounds being extracted, and probably gave the most complete spectrum of volatile
compounds in Cheddar cheese.  However, it was not suitable for analysis of large numbers
of samples due to the tedious nature of the extraction technique.      
The comparative use of Buccal Head Space and Cryogenic Vacuum Distillation methods
to extract Cheddar cheese showed that these two methods extracted different ranges of
volatile aroma compounds.  A greater concentration of early eluting volatile compounds
were extracted using the Buccal Head Space method.  These compounds were
characterised by rotten/dishcloth; sour/cabbagy; caramel/buttery; toffee/blue cheese; and
garlic/onion flavours and were identified as methanethiol; dimethyldisulphide, diacetyl, 3-
methyl-1-butanol and an unidentified compound respectively.  Cryogenic Vacuum
Distillation of the same cheese was characterised by higher concentrations of high boiling
point compounds which had longer retention times on GC-MS. Some of these compounds
were characterised by raw-mushroom (1-octen-3-one); fruity (ethyl hexanoate), citrus (1-
octenal or limonine); breadcrust herbaceous (unidentified); synthetic rubber (unidentified)
and old leather/musty (unidentified) or putrid (dimethyl trisulphide) odours.  
It was concluded that  a number of  methods of  extraction needed to be applied  to   each
cheese to get the most complete picture of compounds  present.  Combining Purge and
Trap analysis at a number of time points during ripening, with Cryogenic Vacuum
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compounds in cheese but did not have a significant impact on the spectrum of compounds. 
Influence of cheese microflora on volatile production
Much accumulated evidence indicates that the starter bacteria play a significant role in
flavour development. To investigate their contribution to production of volatile flavour
compounds during ripening experimental cheeses were manufactured using novel starter
blends. These developed a diverse range of flavours, described as nutty, brewed or sweet
during ripening. 
A bacteriocin producing starter produced a cheese with a brewed flavour, its volatile
chromatogram at 8 months ripening was characterised by extremely high levels of 3-methyl
butanol which may contribute to its unique flavour note.  3-methyl butanol is characterised
by a strong garlic or onion odour, it is formed through the reduction of the aldehyde 3-
methyl butanol which is formed via chemical catabolism of the amino acid valine.  Cheese
made using a Lactobacillus helveticus strain as starter was characterised by an extremely
sweet taste, possibly due to high levels of proline.  This cheese was characterised by very
low levels of the sulphur compound dimethyl disulphide.  Dimethyl disulphide itself has a
cabbagy or sour flavour note and has long been thought to contribute to Cheddar cheese
flavour (Fig 3). 
Cheeses made with a bifidobacterium adjunct achieved high flavour scores after 4 months
ripening.  The spectrum of volatile aroma compounds in this cheese was altered, the most
obvious difference being very high levels of acetic acid. The addition of an Enterococcus
faecium strain to cheese as an adjunct resulted in flavour improvement.  It resulted in
improved flavour at 6 months ripening and accelerated the ripening by approximately 2
months.  Higher concentrations of some volatile compounds, most notably butyric acid,
were detected in adjunct containing cheeses after 6 months ripening.  
These data indicated that cheese microflora had a significant influence on the spectrum of
volatile compounds which were produced during ripening.
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Fig 1. Influence of cheese age on volatile compounds extracted from Cheddar cheese,  A and B cheese
at 2 and 6 months of age respectively.
Fig 2. Influence of ripening temperature on production of volatile compounds in Cheddar cheese at 8
months of ripening.  The ripening protocols were as follows: A and B were ripened at 4 and 12°C
respectively for 8 months, C was held at 4°C for 6 weeks followed by 12°C up to 8 months and D was
held at 12°C for 6 weeks followed by 4°C up to 8 months.
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Fig 3. Volatile compounds extracted from Cheddar cheese manufactured with starter cultures:
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